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DESCRIPTION 

TRANSMITTING APPARATUS AND TRANSMITTING METHOD 



5 Technical Field 

The present invention relates to a transmitting 
apparatus and transmitting method using a multicarrier 
transmission method such as OFDM (Orthogonal Frequency 
Division Multiplexing) . 

10 

Background Art 

Generally, in an OFDM transmitting/receiving 
apparatus, a frame configuration is used in which a signal 
with the same waveform as the last part of effective symbols 

15 is added as a guard interval (hereinafter referred to 
as ^^GI") at the start of effective symbols. A delayed 
waveform with a delay time shorter than the guard interval 
length can be eliminated by Fast Fourier Transformation 
(hereinafter referred to as ^^FFT") processing in the 

20 receiving system. On the other hand, if the multipath 
delay time is longer than the GI length, or if there is 
timing error, the preceding signal may leak into the 
effective symbols of the next signal, and inter-code 
interference may occur. 

25 In the transmitting system, a signal that has 

undergone Inverse Fast Fourier Transform (hereinafter 
referred to as ^^IFFT") processing has a GI inserted and 
is converted from a digital signal to an analog signal. 
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and a transmit signal is obtained. 

In the receiving system, a received signal is 
converted from an analog signal to a digital signal . Then 
the received signal from which GIs have been eliminated 
5 by a GI elimination circuit undergoes FFT processing, 
and a baseband signal is obtained. The baseband signal 
undergoes coherent detection by means of a coherent 
detector, and a coherent detected signal is obtained. 

Nowadays, in radio communications, and especially 

10 in mobile communications, various kinds of information 
such as images and data are transmitted as well as voice. 
Henceforth, demand for the transmission of various kinds 
of content is expected to continue to grow, further 
increasing the necessity of highly reliable, high-speed 

15 transmission. However, when high-speed transmission is 
carried out in mobile communications, the effect of 
delayed waves due to multipath propagation can no longer 
be ignored, and transmission characteristics degrade due 
to frequency selective fading. 

20 Multicarrier (MC) modulation methods such as OFDM 

(Orthogonal Frequency Division Multiplexing) are 
attracting attention as one kind of technology for 
combating frequency selective fading. A multicarrier 
modulation method is a technology for effectively 

25 performing high-speed transmission by transmitting data 
using a plurality of carrier waves ( subcar r ier s ) whose 
speed is suppressed to a level at which frequency selective 
fading does not occur. With the OFDM method, in 



3 

particular, the subcarriers to which data is allocated 
are mutually orthogonal, making this the multicarrier 
modulation method offering the highest spectral 
efficiency- Moreover, the OFDM method can be implemented 
5 with a comparatively simple hardware configuration. For 
these reasons, the OFDM method has attracted particular 
attention and is the subject of various studies. 

Conventionally, received signal transmission error 
detection is performed, and when an error is detected, 

10 a retransmission request signal is sent to the 
communicating radio station. On receiving a 
retransmission request, the communicating radio station 
retransmits data corresponding to the retransmission 
request- This processing is then repeated until there 

15 is no longer an error in the received signal. This series 
of processes is called ARQ. 

However, with a conventional transmitting apparatus 
and transmitting method, particularly when channel 
fluctuations are slow, errors may occur consecutively 

20 even when retransmission is performed to a specific user 
requesting retransmission. In this case the number of 
retransmissions increases excessively, and since 
propagation delay increases as the number of 
retransmissions increases, there is a problem of 

25 increased transmission delay. There is a method for 
preventing this increase in transmission delay by 
discontinuing retransmissions at a given delay time, but 
in this case, there is a problem of error rate degradation . 
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Furthermore, since new data is not contained in a Gl , 
there is also a problem of transmission efficiency 
decreasing as a GI is made longer. 

5 Disclosure of Invention 

It is an object of the present invention to provide a 
transmitting apparatus and transmitting method that make 
it possible to prevent an increase in transmission delay 
due to an excessive increase in the number of 

10 retransmissions . 

This object is achieved by increasing the GI length 
in proportion as the number of retransmissions increases, 
or taking delay distribution information, the 
transmission time interval, the band used, or the like, 

15 into consideration in setting the GI length. Also, this 
object is achieved by increasing only the GI length for 
systematic bit data output by turbo coding when the number 
of retransmissions increases. Furthermore, this object 
is achieved by increasing the number of subcarriers to 

20 which the same signal is allocated in proportion as the 
number of retransmissions increases, or taking channel 
quality information, the transmission time interval, the 
band used, or the like, into consideration in setting 
the number of subcarriers to which the same signal is 

25 allocated. Moreover, this object is achieved by 

increasing only the number of subcarriers to which the 
same signal of systematic bit data output by turbo coding 
is allocated when the number of retransmissions 
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increases . 

Brief Description of Drawings 

FIG.l is a block diagram showing the configuration 
5 of a transmitting apparatus according to Embodiment 1 
of the present invention; 

FIG- 2 is a drawing showing signal arrangement in 
an OFDM-CDMA communication method; 

FIG. 3 is a flowchart showing the operation of a 
10 transmitting apparatus according to Embodiment 1 of the 
present invention ; 

FIG. 4 is a drawing of a transmit signal with a GI 
inserted ; 

FIG. 5 is a drawing of a transmit signal with a GI 
15 inserted; 

FIG. 6 is a drawing of a transmit signal with a GI 
inserted; 

FIG. 7 is a block diagram showing the configuration 
of a transmitting apparatus according to Embodiment 2 
20 of the present invention; 

FIG. 8 is a flowchart showing the operation of a 
transmitting apparatus according to Embodiment 2 of the 
present invention; 

FIG. 9 is a block diagram showing the configuration 
25 of a transmitting apparatus according to Embodiment 3 
of the present invention; 

FIG. 10 is a block diagram showing the configuration 
of a delay distribution information generation section; 
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FIG. 11 is a flowchart showing the operation of a 
transmitting apparatus according to Embodiment 3 of the 
present invention; 

FIG. 12 is a block diagram showing the configuration 
5 of a transmitting apparatus according to Embodiment 4 
of the present invention; 

FIG. 13 is a flowchart showing the operation of a 
transmitting apparatus according to Embodiment 4 of the 
present invention ; 
10 FIG. 14 is a block diagram showing the configuration 

of a transmitting apparatus according to Embodiment 5 
of the present invention; 

FIG. 15 is a flowchart showing the operation of a 
transmitting apparatus according to Embodiment 5 of the 
15 present invention; 

FIG. 16 is a block diagram showing the configuration 
of a transmitting apparatus according to Embodiment 6 
of the present invention; 

FIG. 17 is a flowchart showing the operation of a 
20 transmitting apparatus according to Embodiment 6 of the 
present invention ; 

FIG. 18 is a drawing showing transmit signal 
rearrangement ; 

FIG. 19 is a drawing showing transmit signal 
25 rearrangement; 

FIG. 20 is a drawing showing transmit signal 
rearrangement ; 

FIG. 21 is a drawing showing signal assignment to 
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subcar r iers ; 

FIG. 22 is a drawing showing signal assignment to 
subcar r iers ; 

FIG. 23 is a drawing showing signal assignment to 
5 subcarriers; 

FIG. 24 is a block diagram showing the configuration 
of a transmitting apparatus according to Embodiment 7 
of the present invention; 

FIG. 25 is a flowchart showing the operation of a 
10 transmitting apparatus according to Embodiment 7 of the 
present invention ; 

FIG. 26 is a block diagram showing the configuration 
of a transmitting apparatus according to Embodiment 8 
of the present invention; 
15 FIG. 27 is a flowchart showing the operation of a 

transmitting apparatus according to Embodiment 8 of the 
present invention ; 

FIG. 28 is a block diagram showing the configuration 
of a transmitting apparatus according to Embodiment 9 
20 of the present invention; 

FIG. 29 is a flowchart showing the operation of a 
transmitting apparatus according to Embodiment 9 of the 
present invention ; 

FIG. 30 is a block diagram showing the configuration 
25 of a transmitting apparatus according to Embodiment 10 
of the present invention; 

FIG. 31 is a flowchart showing the operation of a 
transmitting apparatus according to Embodiment 10 of the 
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present invention; and 

FIG. 32 is a block diagram showing the configuration 
of a transmitting apparatus according to Embodiment 11 
of the present invention. 

5 

Best Mode for Carrying out the Invention 

With reference now to the accompanying drawings, 
embodiments of the present invention will be explained 
in detail below. 

10 

(Embodiment 1) 

FIG.l is a block diagram showing the configuration 
of a transmitting apparatus according to Embodiment 1 
of the present invention. 

15 Transmitting apparatus 100 is mainly composed of 

a control section 101, a spreading section 102, an IFFT 
section 103, a GI insertion section 104, a GI insertion 
section 105, a GI insertion section 106, a selection 
section 107, and an antenna 108. 

20 Control section 101 temporarily stores a transmit 

signal modulated by a modulation section (not shown), 
and when transmission timing is reached, outputs the 
transmit signal to spreading section 102. As there are 
two cases for a transmit signal — the case of a normal 

25 transmit signal that is not a retransmission signal, and 
the case of a retransmission signal — control section 
101 separates transmit signals into retransmission 
signals and normal signals other than retransmission 
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signals, determines the retransmission count in the case 
of a retransmission signal, and outputs retransmission 
information to selection section 107 . Retransmission 
information includes information as to whether this is 
5 a retransmission, and information on the retransmission 
count . 

Spreading section 102 carries out spreading 
processing of transmit signals input from control section 
101 using different spreading codes, performs code 

10 division multiplexing, and generates a CDMA s ignal , which 
it outputs to IFFT section 103. As spreading ratio 1, 
spreading section 102 may output a transmit signal 
directly to IFFT section 103 without spreading that 
transmit signal . In this case, the signal subject to IFFT 

15 processing by IFFT section 103 is an OFDM signal. 

IFFT section 103, which is an orthogonal frequency 
division multiplexing section, performs IFFT processing 
of a transmit signal input from spreading section 102, 
generates an OFDM-CDMA signal, and outputs this OFDM-CDMA 

20 signal to GI insertion sections 104 , 105, and 106. As 
shown in FIG. 2, an OFDM-CDMA signal can be generated by 
assigning one spreading code chip to one subcarrier. 
FIG. 2 shows a case in which all subcarriers are divided 
into four groups, Gl through G4 . Any code multiplexing 

25 number, such as code multiplexing number 1 , can be selected 
for an OFDM-CDMA signal generated by IFFT section 103. 
Here, the code multiplexing number is the number of 
multiplexings per carrier, and is determined by the number 
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of users (codes) multiplexed. Therefore, in the case of 
code multiplexing number 1, only one user is assigned 
to one subcarrier. 

GI insertion section 104 inserts a GI into a transmit 
5 signal input from IFFT section 103, and after GI insertion, 
outputs the transmit signal to selection section 107. 
The length of the GI inserted by GI insertion section 
104 is shorter than for GI insertion section 105 and GI 
insertion section 106. 

10 GI insertion section 105 inserts a GI into the 

transmit signal input from IFFT section 103, and after 
GI insertion, outputs the transmit signal to selection 
section 107 . The length of the GI inserted by GI insertion 
section 105 is longer than the length of a GI inserted 

15 by GI insertion section 104, and shorter than the length 
ofaGI insertedbyGI insertionsection 106. GI insertion 
section 105 can set the length of a GI inserted into a 
transmit signal arbitrarily, as long as that length is 
longer than the length of a GI inserted by GI insertion 

20 section 104, and shorter than the length of a GI inserted 
by GI insertion section 106, and also may insert a GI 
of a length that is an integral multiple of the length 
of a GI inserted by GI insertion section 104. 

GI insertion section 106 inserts a GI into the 

25 transmit signal input from IFFT section 103, and after 
GI insertion, outputs the transmit signal to selection 
section 107 , The length of the GI insertedbyGI insertion 
section 106 is longer than for GI insertion section 104 
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and GI insertion section 105. GI insertion section 106 
can set the length of a GI inserted into a transmit signal 
arbitrarily, as long as that length is longer than the 
length of GIs inserted by GI insertion section 104 and 
5 GI insertion section 105, and also may insert a GI of 
a length that is an integral multiple of the length of 
a GI inserted by GI insertion section 104. 

Based on retransmission count information input 
from control section 101, selection section 107 selects 

10 one from among the transmit signals with a GI inserted 
input from GI insertion section 104, GI insertion section 
105, and GI insertion section 106, and transmits the 
selected transmit signal from antenna 108. In transmit 
signal selection, based on retransmission count 

15 information, the transmit signal input from GI insertion 
section 104 is selected in the case of transmission that 
is not a retransmission, the transmit signal input from 
GI insertion section 105 is selected in the case of a 
first retransmission, and the transmit signal input from 

20 GI insertion section 106 is selected in the case of a 
second retransmission . 

The operation of transmitting apparatus 100 will 
now be described using FIG. 3 through FIG. 6. First, a 
transmit signal is determined to be either a 

25 retransmission signal or a normal signal other than a 
retransmission signal by control section 101 (step 
(hereinafter referred to as ^^ST") 301) . Furthermore, if 
the transmit signal is a retransmission signal, whether 
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or not this is the first retransmission is determined 
by control section 101 (ST302) . Control section 101 then 
outputs retransmission information containing 
information as to whether or not this is a retransmission 
5 signal and retransmission count information to selection 
section 107. 

Next, an OFDM-CDMA signal that has undergone 
spreading processing by spreading section 102 and IFFT 
processing by IFFT section 103 has a GI inserted by GI 

10 insertion section 104, GI insertion section 105, and GI 
insertion section 106, If the lengths of GIs inserted 
by GI insertion section 105 and GI insertion section 106 
are made integral multiples of the length of a GI inserted 
by GI insertion section 104, it is only necessary for 

15 the signal waveform of aGI inserted by GI insertion section 

104 to be repeated a given number of times, and therefore 
processing for inserting GIs can be simplified, and there 
will be no incomplete leftovers when OFDM symbols are 
rearranged up to the end of a frame, as compared with 

20 the case where the GI length is not an integral multiple, 
making it possible to prevent processing from becoming 
cumbersome . 

As shown in FIG. 4, a transmit signal in which a GI 
has been inserted by GI insertion section 104 includes 
25 a GI length Tgl that is one-eighth of effective symbol 
length Tsl. Also, as shown in FIG. 5, a transmit signal 
in which a GI has been inserted by GI insertion section 

105 includes aGI length Tg2 that is one-fourth of effective 
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symbol length Ts2 . Furthermore, as shown in FIG. 6, a 
transmit signal in which a GI has been inserted by GI 
insertion section 106 includes a GI length Tg3 that is 
three-eighths of effective symbol length Ts3. 
5 Based on retransmission information input from 

control section 101, selection section 107 selects a 
transmit signal input f rom GI insertion section 104, 105, 
or 106. That is to say, if the transmit signal to be 
transmitted is not a retransmission signal, a transmit 

10 signal input from GI insertion section 104 is selected 
in which, as shown in FIG. 4, a GI length Tgl that is 
one-eighth of effective symbol length Tsl has been 
inserted ( ST303 ) . 

If, based on retransmission information input from 

15 control section 101, this transmission is a first 

retransmission, selection section 107 selects a transmit 
signal input from GI insertion section 105 in which, as 
shown in FIG. 5, a GI length Tg2 that is one-fourth of 
effective symbol length Ts2 has been inserted (ST304), 

20 and if this transmission is a second retransmission, 
selection section 107 selects a transmit signal input 
from GI insertion section 106 in which, as shown in FIG. 6, 
a GI length Tg3 that is three-eighths of effective symbol 
length Ts3 has been inserted (ST305), 

25 Selection section 107 then outputs the selected 

transmit signal {ST306). As described above, the GI 
length increases in proportion as the number of 
retransmissions increases. The relationship between GI 
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lengths is Tgl>Tg2>Tg3, and GIs are set longer in the 
order of FIG. 4, FIG. 5, and FIG. 6. 

Thus, according to Embodiment 1 , a selection section 
selects a transmit signal with a longer GI as the number 
5 of retransmissions increases, based on retransmission 
information input from a control section, so that the 
error rate improvement effect is heightened, and it is 
possible to prevent an increase in transmission delay 
due to an excessive increase in the number of 
10 retransmissions with almost no lowering of transmission 
efficiency- Also, delay time becomes shorter than the 
GI length as a result of increasing the GI length as the 
number of retransmissions increases, enabling inter-code 
interference to be reduced in a multipath environment. 

15 

(Embodiment 2) 

FIG. 7 is a drawing showing the configuration of a 
transmitting apparatus 700 according to Embodiment 2 of 
the present invention. A feature of this embodiment is 

20 that GI lengths are set separately for systematic bit 
data and parity bit data. In this embodiment, the 
configuration in FIG. 7 differs from that in FIG.l in 
including a turbo coding section 701, a parallel /serial 
(hereinafter referred to as ^^P/S") conversion section 

25 702, and a modulation section 703. Parts in FIG. 7 

identical to those in FIG.l are assigned the same codes 
as in FIG.l, and descriptions thereof are omitted. 

When turbo code is used as an error correction code. 
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systematic bit data and parity bit data are output, and 
better quality is required for systematic bit data. 
Therefore, by making the GI length of systematic bit data 
longer than the GI length of pa ritybit data, it is possible 
5 to further achieve compatibility between transmission 
efficiency and the error rate. 

Control section 101 temporarily stores transmit 
signals, and separates transmit signals into 
retransmission signals and normal signals other than 

10 retransmission signals. Then, when transmission timing 
is reached, control section 101 outputs a transmit signal 
to spreading section 102, and also outputs retransmission 
information to selection section 107, Retransmission 
information includes retransmission count information. 

15 Control section 101 also controls the transmission timing 
at which systematic bit data and parity bit data are output , 
and outputs information as to whether a transmit signal 
is systematic bit data or parity bit data to selection 
section 107 . 

20 Turbo coding section 701 outputs part of a transmit 

signal input from control section 101 uncoded to P/S 
conversion section 702 as systematic bit data, and also 
performs recursive convolutional coding on the remaining 
part of the input transmit signal and outputs this part 

25 to P/S conversion section 702 as parity bit data. 

P/S conversion s'ection 702, which is an allocation 
section, converts systematic bit data and parity bit data 
input from turbo coding section 701 from parallel data 
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format to serial data format/ and outputs these data to 
modulation section 703. Systematic bit data and parity 
bit data converted by P/S conversion section 702 is made 
up of all systematic bits or parity bits on a 
5 symbol-by-symbol basis. 

Modulation section 703, which is an allocation 
section, modulates systematic bits or parity bits of each 
symbol input from P/S conversion section 702 and outputs 
the result to spreading section 102. 

10 GI insertion sections 104, 105, and 106 insert GIs 

independently for systematic bit data and parity bit data. 
In this case, the length of a GI inserted in parity bit 
data may be shorter than the length of a GI inserted in 
systematic bit data, and furthermore the GI length of 

15 parity bit data may be made the same irrespective of the 
number of retransmissions, and the GI length of systematic 
bit data may be increased as the number of retransmissions 
increases . 

Based on information indicating the retransmission 
20 count and whether or not the transmit data is systematic 
bit data or parity bit data input from control section 
101, selection section 107 selects one from among the 
transmit signals with a GI inserted input from GI insertion 
section 104, GI insertion section 105, and GI insertion 
25 section 106, and transmits the selected transmit signal 
from antenna 108. That is to say, control is performed 
so that if the transmit data is systematic bit data, the 
GI length is increased as the number of retransmissions 
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increases, and if the transmit data is parity bit data, 
the GI length does not change even if the number of 
retransmissions increases. 

The operation of transmitting apparatus 700 will 
5 now be described using FIG,4, FIG. 5, FIG. 6, and FIG. 8. 
Control section 101 determines whether or not a transmit 
signal is systematic bit data (ST801), and outputs 
information as to whether or not the transmit data is 
systematic bit data to selection section 107. If the 

10 transmit data is systematic bit data, control section 
101 determines whether or not this is a retransmission 
(ST802), and in the case of a retransmission further 
determines whether or not this is the first retransmission 
(ST803), and outputs retransmission information 

15 including information as to whether or not the transmit 
signal is a retransmission signal and, if the transmit 
signal is a retransmission signal, retransmission count 
information, to selection section 107. 

Based on information as to whether or not the 

2 0 transmit signal is systematic bit data, input from control 
section 101, if the transmit signal is not systematic 
bit data but parity bit data, selection section 107 selects 
a transmit signal input from GI insertion section 104 
in which, as shown in FIG. 4, a GI length Tgl that is 

25 one-eighth of effective symbol length Tsl has been 

inserted (ST804). If parity bit data GI length Tgl is 
fixed at one-eighth of effective symbol length Tsl, and 
only the length of the GI inserted in a systematic bit 



18 



data transmit signal for which good quality is required 
is changed, it is possible to improve error rate 



efficiency, and to achieve compatibility between 
5 transmission efficiency and error rate characteristics. 

Also, based on information as to whether or not the 
transmit signal is systematic bit data and retransmission 
information, if the transmit signal is systematic bit 
data and the transmit signal is not a retransmission signal, 
10 selection section 107 selects a transmit signal input 
from GI insertion section 104 in which, as shown in FIG - 4 , 
a GI length Tgl that is one-eighth of effective symbol 
length Tsl has been inserted (ST804), 



15 information input from control section 101, this 

transmission is a first retransmission, selection section 
107 selects a transmit signal input from GI insertion 
section 105 in which, as shown in FIG. 5, a GI length Tg2 
that is one-fourth of effective symbol length Ts2 has 

20 been inserted (ST805) , and if this transmission is a second 
retransmission, selection section 107 selects a transmit 
signal input from GI insertion section 106 in which, as 
shown in FIG. 6, a GI length Tg3 that is three-eighths 
of effective symbol length Ts3 has been inserted (ST806) . 

25 Selection section 107 then outputs the transmit 

signal (ST807 ) . 



provision of the effects of Embodiment 1 described above. 




without lowering transmission 



Furthermore, if, based on retransmission 



Thus, according to Embodiment 2, in addition to 
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turbo coding of transmit data is performed by a turbo 
coding section that enables much better error rate 
characteristics to be obtained that with other error 
correction methods, and a selection section increases 
5 the length of a GI inserted in systematic bit data as 
the number of retransmissions increases, enabling error 
rate characteristics to be significantly improved. 

In this embodiment, the length of a GI inserted in 
systematic bit data in the case of retransmission is made 
10 longer than a GI inserted in parity bit data, but this 
is not a limitation, and the length of a GI inserted in 
systematic bit data in the case of retransmission may 
be made the same as the length of a GI inserted in parity 
bit data. 

15 

(Embodiment 3) 

FIG- 9 is a drawing showing the configuration of a 
transmitting apparatus 900 according to Embodiment 3 of 
the present invention. A feature of this embodiment is 

20 that the length of a GI is selected taking delay 

distribution information into consideration. In this 
embodiment, the configuration in FIG. 9 differs from that 
in FIG.l in including a turbo coding section 901 and a 
P/S conversion section 902. Parts in FIG- 9 identical to 

25 those in FIG.l are assigned the same codes as in FIG.l, 
and descriptions thereof are omitted. 

The length of a GI can generally be determined 
according to delay distribution. Therefore, if delay 
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distribution information is reflected in determining GI 
length, it is possible to further achieve compatibility 
between transmission efficiency and the error rate. 

Control section 101 temporarily stores transmit 
5 signals, and separates transmit signals into 

retransmission signals and normal signals other than 
retransmission signals. Then, when transmission timing 
is reached, control section 101 outputs a transmit signal 
to spreading section 102, and also outputs retransmission 

10 information to selection section 107. Retransmission 
information includes retransmission count information. 
Control section 101 also outputs delay distribution 
information to selection section 107. Delay 
distribution information is reported by being included 

15 in a transmit signal from the communicating party, and 
is therefore extracted from a received signal. The 
configuration of a delay distribution generation section 
on the communicating party side will be described later 
herein . 

20 Turbo coding section 901 outputs part of a transmit 

signal input from control section 101 uncoded to P/S 
conversion section 902 as systematic bit data, and also 
performs recursive convolutional coding on the remaining 
part of the input transmit signal and outputs this part 

25 to P/S conversion section 902 as parity bit data - 

P/S conversion section 902 converts systematic bit 
data and parity bit data input from turbo coding section 
901 from parallel data format to serial data format, and 
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outputs these data to modulation section 903. 

Based on retransmission count information and delay 

distribution information input from control section 101, 

selection section 107 selects one from among the transmit 
5 signals with a GI inserted input fromGI insertion section 

104, GI insertion section 105, and GI insertion section 

106, and transmits the selected transmit signal from 

antenna 108. That is to say, if delay distribution is 

small, the transmit signal input fromGI insertion section 
10 105 will be selected even if the transmission is a second 

retransmission . 

The operation of delay distribution information 

generation section 1000 will now be described using FIG. 10 . 

Delay distribution information generation section 1000 
15 is mainly composed of a delay circuit 1001, a subtraction 

circuit 1002, an absolute value generation circuit 1003, 

and an averaging circuit 1004. 

Delay circuit 1001 has as input a signal in which 

the preamble of a received signal has undergone FFT 
20 processing, applies delay to the input s ignal , and outputs 

the signal to subtraction circuit 1002. 

Subtraction circuit 1002 calculates the difference 

in signal levels of adjacent subcarriers, and outputs 

the result to absolute value generation circuit 1003. 
25 Absolute value generation circuit 1003 converts the 

subtraction result input from subtraction circuit 1002 

to an absolute value, and outputs this absolute value 

to averaging circuit 1004. 
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Averaging circuit 1004 averages absolute values of 
reception level differences input from absolute value 
generation circuit 1003 for the number of subcarriers, 
and delay distribution information is obtained. The 
5 delay distribution information obtained in this way is 
transmitted included in a transmit signal by the 
communicating party . 

Delay distribution information is not limited to 
the case where it is found by a communicating party and 

10 reported by the communicating party, and delay 

distribution may be detected from the circuit in FIG. 10 
using a received signal. The case where delay 
distribution is detected from a received signal is 
possible with the TDD communication method or the like. 

15 The operation of transmitting apparatus 900 will 

now be described using FIG. 4, FIG. 5, FIG. 6, and FIG. 11. 
Control section 101 determines whether or not a transmit 
signal is a retransmission signal (STllOl), and in the 
case of a retransmission further determines whether or 

20 not this is the first retransmission (ST1102 ) , and outputs 
retransmission information including information as to 
whether or not the transmit signal is a retransmission 
signal and, if the transmit signal is a retransmission 
signal, retransmission count information, to selection 

25 section 107. Control section 101 also outputs delay 
distribution information reported from the communicating 
party, included in the received signal, to selection 
section 107 . 
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Based on retransmission information input from 
control section 101, if the transmit signal to be 
transmitted is not a retransmission signal, selection 
section 107 selects a transmit signal in which, as shown 
5 in FIG- 4, a GI length Tgl that is one-eighth of effective 
symbol length Tsl has been inserted (ST1103). 

Based on retransmission information input from 
control section 101, if this transmission is a first 
retransmission, selection section 107 selects a transmit 
10 signal in which, as shown in FIG. 5, a GI length Tg2 that 
is one-fourth of effective symbol length Ts2 has been 
inserted (ST1104), and if this transmission is a second 
retransmission, selection section 107 determines from 
the delay distribution information input from control 
15 section 101 whether or not the delay distribution is less 
than a threshold value (ST1105). 

If the delay distribution is less than the threshold 
value, selection section 107 selects a transmit signal 
in which, as shown in FIG. 5, a GI length Tg2 that is 
20 one-fourth of effective symbol length Ts2 has been 
inserted (ST1104), and if the delay distribution is 
greater than or equal to the threshold value, selection 
section 107 selects a transmit signal in which, as shown 
inFIG. 6, aGI lengthTgS that is three-eighths of effective 
25 symbol length Ts3 has been inserted (ST1106). 

Selection section 107 then outputs a transmit signal 
in which the selected GI length has been inserted (ST1107) . 
Thus, according to Embodiment 3, in addition to 
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provision of the effects of Embodiment 1 described above, 
a selection section selects a transmit signal that 
includes a GI of a length that takes delay distribution 
information into consideration, so that if GI length need 
5 not be increased much even though the number of 

retransmissions increases, a transmit signal with an 
unnecessarily long GI is not selected, and transmission 
efficiency can be improved to the greatest extent 
possible . 

10 In this embodiment, the magnitude of delay 

distribution is determined at the time of a second 
retransmission, but this is not a limitation, and the 
magnitude of delay distribution may be determined at the 
time of a first retransmission. 

15 

(Embodiment 4) 

FIG. 12 is a drawing showing the configuration of 
a transmitting apparatus 1200 according to Embodiment 
4 of the present invention. A feature of this embodiment 

20 is that the length of a GI is selected taking the 

transmission time interval into consideration. In this 
embodiment, the configuration in FIG. 12 differs from that 
in FIG.l in including a counter section 1201, a delay 
section 1202, and a subtraction section 1203. Parts in 

25 FIG. 12 identical to those in FIG.l are assigned the same 
codes as in FIG.l, and descriptions thereof are omitted. 

When CSMA (Carrier Sense Multiple Access) is used 
as an access method, as in IEEE802.il, if a channel is 
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congested the time interval between the previous 
transmission and the present transmission may be very 
long. In such cases, transmission delay may be extremely 
long if there is an error in a second or third 
5 retransmission. An effective method of preventing this 
problem is to select GI length taking the transmission 
time interval between the previous transmission and the 
present transmission into consideration. In CSMA, a 
terminal performs carrier sensing and transmits if the 

10 reception level is less than or equal to a threshold value. 
Counter section 1201 generates information 
indicating transmission timing based on transmission 
timing input from control section 101, and outputs this 
generated information to delay section 1202 and 

15 subtraction section 1203. 

Delay section 1202 delays the information 
indicating transmission timing input from counter section 
1201, and outputs this information to subtraction section 
1203 . 

2 0 From the information indicating transmission timing 

input from counter section 1201 and the transmission 
timing input from delay section 1202, subtraction section 
1203 calculates the difference between the transmission 
timing of the previous transmission and the transmission 

25 timing of the present transmission, and outputs the 

calculated transmission timing difference to selection 
section 107 as a transmission time interval. 

Based on retransmission count information input 
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from control section 101 and information indicating the 
transmission time interval input from sub traction section 
1203, selection section 107 selects one from among the 
transmit signals with a GI inserted input from GI insertion 
5 section 104, GI insertion section 105, and GI insertion 
section 106, and transmits the selected transmit signal 
from antenna 108. That is to say, if the transmission 
time interval is large, the transmit signal input from 
GI insertion section 106, which has the longest GI of 

10 the three kinds of GI, will be selected even in the case 
of a first retransmission. 

The operation of transmitting apparatus 1200 will 
now be described using FIG. 4, FIG. 5, FIG. 6, and FIG. 13. 
Control section 101 determines whether or not a transmit 

15 signal is a retransmission signal (ST1301), and in the 
case of a retransmission further determines whether or 
not this is the first retransmission (ST1302 ) , and outputs 
retransmission information including information as to 
whether or not the transmit signal is a retransmission 

20 signal and, if the transmit signal is a retransmission 
signal, retransmission count information, to selection 
section 107. Control section 101 also outputs 
information indicating the calculated transmission time 
interval to selection section 107. 

25 Based on retransmission information input from 

control section 101, if the transmit signal to be 
transmitted is not a retransmission signal, selection 
section 107 selects a transmit signal in which, as shown 
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in FIG. 4, a GI length Tgl that is one-eighth of effective 
symbol length Tsl has been inserted (ST1303). 

Based on retransmission information input from 
control section 101, if this transmission is a first 
5 retransmission, selection section 107 determines whether 
or not the transmission time interval is greater than 
or equal to a threshold value (ST1304), and if this 
transmission is a second retransmission, selection 
section 107 selects a transmit signal in which, as shown 

10 inFIG.6, aGIlength Tg3 that is three-eighths of effective 
symbol length Ts3 has been inserted (ST1306). 

If the transmission time interval input from control 
section 101 is less than the threshold value, selection 
section 107 selects a transmit signal in which, as shown 

15 in FIG. 5, a GI length Tg2 that is one-fourth of effective 
symbol length Ts2 has been inserted (ST1305), and if the 
transmission time interval is greater than or equal to 
the threshold value, selection section 107 selects a 
transmit signal in which, as shown in FIG. 6, a GI length 

20 Tg3 that is three-eighths of effective symbol length Ts3 
has been inserted (ST1306). 

Selection section 107 then outputs a transmit signal 
in which the selected GI length has been inserted (ST1307 ) . 
Thus, according to Embodiment 4, in addition to 

25 provision of the effects of Embodiment 1 described above, 
a selection section selects a transmit signal that 
includes a GI of a length that takes the transmission 
time interval into consideration, making it possible to 
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prevent transmission delay from becoming extremely long 
due to numerous retransmissions when the transmission 
time interval is long. 

In this embodiment/ the length of the transmission 
5 time interval is compared at the time of a first 

retransmission, but this is not a limitation, and the 
length of the transmission time interval may be compared 
at the time of a transmission that is not a retransmission. 



10 (Embodiment 5) 

FIG. 14 is a drawing showing the configuration of 
a transmitting apparatus 1400 according to Embodiment 
5 of the present invention. A feature of this embodiment 
is that the length of a GI is selected taking the band 

15 usage situation into consideration. Parts in FIG. 14 
identical to those in FIG.l are assigned the same codes 
as in FIG.l, and descriptions thereof are omitted. 

If information on the band usage situation is 
reported from the communicating party, or the band whose 

20 use is permitted is known as a usable bandwidth, control 
section 101 can ascertain how much of a margin there is 
in the remaining band from the used band currently being 
used, and outputs information on the ratio of the used 
band to the band whose use is permitted to selection section 

25 107. 

Based on retransmission count information and 
information indicating the band usage situation input 
from control section 101, selection section 107 selects 
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one from among the transmit signals with a GI inserted 
input from GI insertion section 104, GI insertion section 
105, and GI insertion section 106, and transmits the 
selected transmit signal from antenna 108. That is to 
5 say, if there is a margin in the band, the transmit signal 
input fromGI insertion section 106, which has the longest 
GI of the three kinds of GI, will be selected even in 
the case of a first retransmission. 

The operation of transmitting apparatus 1400 will 

10 now be described using FIG. 4, FIG. 5, FIG. 6, and FIG. 15. 
Control section 101 determines whether or not a transmit 
signal is a retransmission signal (ST1501), and in the 
case of a retransmission further determines whether or 
not this is the first retransmission (ST1502) , and outputs 

15 retransmission information including information as to 
whether or not the transmit signal is a retransmission 
signal and, if the transmit signal is a retransmission 
signal, retransmission count information, to selection 
section 107. Control section 101 also outputs 

20 information indicating the band usage situation for each 
communicating party to selection section 107. 

Based on retransmission information input from 
control section 101, if the transmit signal to be 
transmitted is not a retransmission signal, selection 

25 section 107 selects a transmit signal in which, as shown 
in FIG. 4, a GI length Tgl that is one-eighth of effective 
symbol length Tsl has been inserted (ST1503) . 

Based on retransmission information and information 
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indicating the band usage situation input from control 
section 101, if this transmission is a first 
retransmission, selection section 107 determines whether 
or not the ratio of the used band to the band whose use 
5 is permitted is less than or equal to a threshold value 
(ST1504), and if this transmission is a second 
retransmission, selection section 107 selects a transmit 
signal in which, as shown in FIG. 6, a GI length Tg3 that 
is three-eighths of effective symbol length Ts3 has been 

10 inserted (ST1506) . 

If the ratio of the used band to the band whose use 
is permitted is greater than the threshold value, 
selection section 107 selects a transmit signal in which, 
as shown in FIG. 5, a GI length Tg2 that is one-fourth 

15 of effective symbol length Ts2 has been inserted (ST1505) , 
and if the ratio of the used band to the band whose use 
is permitted is less than or equal to the threshold value, 
selection section 107 selects a transmit signal in which, 
as shown in FIG. 6, a GI length Tg3 that is three-eighths 

20 of effective symbol length Ts3 has been inserted (ST1506) - 
Thus selection section 107 selects a transmit signal in 
which a GI has been inserted that depends on the used 
band, so that when there is a used band margin the GI 
can be made longer without lowering transmission 

25 efficiency, and when there is not much of a margin in 
the used band control can be performed so that the GI 
is not made unnecessarily long, making it possible to 
prevent a decrease in transmission efficiency. 
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Selection section 107 then outputs a transmit signal 
in which the selected GI length has been inserted {ST1507) . 

Thus, according to Embodiment 5, in addition to 
provision of the effects of Embodiment 1 described above, 
5 a selection section selects a transmit signal in which 
a GI of a length that depends on the band usage situation 
has been inserted, making it possible to prevent 
transmission delay without lowering transmission 
efficiency . 

10 In this embodiment, the ratio of the used band to 

the band whose use is permitted is determined at the time 
of a first retransmission, but this is not a limitation, 
and the ratio of the used band to the band whose use is 
permitted may be determined at the time of a transmission 

15 that is not a retransmission. 



(Embodiment 6) 

FIG. 16 is a block diagram showing part of the 
configuration of a transmitting apparatus according to 
20 Embodiment 6 of the present invention. 

Transmitting apparatus 1600 is mainly composed of 
a control section 1601, a serial/parallel (hereinafter 
referred to as ^^S/P") conversion section 1603, a P/S 
conversion section 1604, an IFFT section 1605, a GI 
25 insertion section 1606, and an antenna 1607. 

Control section 1601 temporarily stores transmit 
signals modulated by a modulation section (not shown) , 
and separates transmit signals into retransmission 
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information and normal information other than 
retransmission information. Then, when transmission 
timing is reached, control section 1601 outputs a transmit 
signal to spreading section 1602, and also outputs 
5 retransmission information to S/P conversion section 1603 
and P/S conversion section 1604. Retransmission 
information includes information on the retransmission 
count and data to be retransmitted. 

Spreading section 1602 carries out spreading 

10 processing of transmit signals input from control section 
1601 using different spreading codes, performs code 
division multiplexing, and generates a CDMA signal, which 
is output to S/P conversion section 1603. As spreading 
ratio 1, spreading section 1602 may output a transmit 

15 signal directly to IFFT section 103 without spreading 
that transmit signal. In this case, the signal processed 
by IFFT section 103 is an OFDM signal. 

When retransmission information input from control 
section 1601 indicates a normal transmission, not a 

20 retransmission, S/P conversion section 1603, which is 
a rearranging section, converts the transmit signal input 
from spreading section 1602 directly from serial data 
format to parallel data format, and outputs the resulting 
signal to P/S conversion section 1604 . On the other hand, 

25 when retransmission information input from control 

section 1601 indicates a retransmission, S/P conversion 
section 1603 converts the transmit signal to parallel 
data format and stores it in memory, and reads data to 
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be retransmitted contained in the retransmission 
information from memory a number of times in accordance 
with the retransmission count, and outputs this data to 
P/S conversion section 1604. 
5 In a first transmission, P/S conversion section 1604, 

which is a rearranging section, converts a transmit signal 
input from S/P conversion section 1603 directly from 
parallel data format to serial data format, and outputs 
this signal to IFFT section 1605. On the other hand, in 

10 a retransmission, P/S conversion section 1604 performs 
rearrangement of a transmit signal including 
retransmission data input from S/P conversion section 
1603 according to retransmission information input from 
control section 1601, and outputs the rearranged transmit 

15 signal to IFFT section 1605. The method of rearranging 
the transmit signal will be described later herein. 

IFFT section 1605, which is an orthogonal frequency 
division multiplexing section, performs orthogonal 
frequency division multiplexing processing such as IFFT 

20 processing of a transmit signal input from GI insertion 
section 104, generates an OFDM-CDMA signal, and outputs 
this OFDM-CDMA signal to GI insertion section 106. An 
OFDM-CDMA signal can be generated by assigning one 
spreading code chip to one subcarrier. Any code 

25 multiplexing number, such as code multiplexing number 
1, can be selected for an OFDM-CDMA signal generated by 
IFFT section 103. Here, the code multiplexing number is 
the number of multiplexings per carrier, and is determined 
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by the number of users (codes) multiplexed. Therefore, 
in the case of code multiplexing number 1, only one user 
is assigned to one subcarrier. 

GI insertion section 1606 inserts a predetermined 
5 GI into a transmit signal input from IFFT section 1605, 
and transmits the transmit signal from antenna 1607. A 
radio section (not shown) is provided between GI insertion 
section 106 and antenna 1607, and processing such as 
up-conver sion from baseband frequency to radio frequency 

10 is performed by this radio section. 

The operation of transmitting apparatus 1600 will 
now be described using FIG. 17 through FIG. 20. FIG. 17 is 
a flowchart showing the operation of transmitting 
apparatus 1600, and FIG. 18 through FIG-20 are drawings 

15 showing transmit signal rearrangement methods using S/P 
conversion section 1603 and P/S conversion section 1604 . 

First, control section 1601 determines whether an 
input transmit signal demodulated by a demodulation 
section (not shown) is a normal non-retransmission signal 

20 or a retransmission signal (ST1701) , and if the transmit 
signal is a retransmission signal, determines whether 
or not this is the first retransmission (ST1702) . Control 
section 1601 then outputs retransmission information 
comprising information as to whether the signal is a normal 

25 signal or a retransmission signal (hereinafter referred 
to as ^^signal type information"), information as to the 
number of retransmissions (hereinafter referred to as 
^^count information'') , and information as to which signal 
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the communicating party is requesting to be retransmitted 
(hereinafter referred to as ^^request information''), to 
S/P conversion section 1603 and P/S conversion section 
1604 . 

5 In the case of a normal transmission — that is, a 

transmission that is not a retransmission — a transmit 
signal that has undergone spreading processing by 
spreading section 1602 is converted from serial data 
format data sequence ^'$1, $2, $3, $4" to parallel data 
10 format by S/P conversion section 1603, and stored 

temporarily in memory 1801, as shown in FIG- 18. Signal 
$1 through signal $4 are code division multiplexed 
signals . 

As the transmit signals output from S/P conversion 
15 section 1603 are in a normal transmission, they are not 
rearranged by P/S conversion section 1604, and are 
arranged in memory 1802 in signal $1, $2, $3, $4 order 
from the top of FIG. 18, then read sequentially from the 
top of FIG. 18, and converted to serial data format. The 
20 transmit signal output from P/S conversion section 1604 
is arranged as serial data format data sequence ^"^$1, $2, 
$3, $4" (ST1703) . 

On the other hand, in the case of a first 
retransmission, a transmit signal that has undergone 
25 spreading processing by spreading section 1602 is 

converted from serial data format data sequence ^^$1, $2, 
$3, $4" to parallel data format by S/P conversion section 
1603, and stored temporarily in memory 1801, as shown 
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in FIG. 19. Then, since, according to signal type 
information, count information, and request information 
input from control section 1601, this is a first 
retransmission and retransmission has been requested for 
5 signal $1, signal $1 is read twice from memory 1801 and 
signals $2 and $3 are read once each, and these signals 
are output to P/S conversion section 1604. 

As shown in FIG. 19, the transmit signals output from 
S/P conversion section 1603 are arranged in memory 1802 

10 of P/S conversion section 1604 in signal $1, $2, $1, $3 
order from the top of FIG. 19, then read sequentially from 
the top of FIG. 19, and converted to serial data format. 
The transmit signal output from P/S conversion section 
1604 is arranged as serial data format data sequence ^^$1, 

15 $2, $1, $3" (ST1705). In a retransmission, transmission 
may be performed with only a signal for which there is 
a retransmission request assigned to subcarriers, but 
retransmission is not limited to the case where 
transmission is performed with only a signal for which 

20 there is a retransmission request assigned to subcarriers, 
and transmission may be performed with any signal for 
which there is no retransmission request transmitted 
together with a retransmission signal, assigned to 
different subcarriers . 

25 In the case of a second retransmission, a transmit 

signal that has undergone spreading processing by 
spreading section 1602 is converted from serial data 
format data sequence "'$1, $2, $3, $4'' to parallel data 
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format by S/P conversion section 1603, and stored 
temporarily in memory 1801^ as shown in FIG. 20. Then, 
since, according to signal type information, count 
information, and request information input from control 
5 section 1601, this is a second retransmission and 

retransmission has been requested for signal $1, signal 
$1 only is read four times from memory 1801 and output 
to P/S conversion section 1604. 

As shown in FIG. 20, the transmit signals output from 

10 S/P conversion section 1603 are arranged in memory 1802 
of P/S conversion section 1604 in signal $1, $1, $1, $1 
order from the top of FIG. 20, then read sequentially from 
the top of FIG. 20, and converted to serial data format. 
The transmit signal output from P/S conversion section 

15 1604 is arranged as serial data format data sequence ^^$1, 
$1, $1, $1" (ST1704 ) . 

The transmit signal then undergoes orthogonal 
frequency division multiplexing processing such as IFFT 
processing by IFFT section 1605, and an OFDM-CDMA signal 

20 is obtained (ST1706) . 

The allocation of signals to subcarriers in an 
OF DM- CDMA signal obtained in this way will now be described 
using FIG. 21 through FIG. 23. 

With an OFDM-CDMA signal, the spreading ratio is 

25 made one-fourth of the number of subcarriers, and all 
the subcarriers are divided into four subcarrier groups. 
That is to say, an OFDM-CDMA signal is divided into a 
first group Gl composed of subcarrier #3m+l through 
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subcarrier #4m, a second group G2 composed of subcarrier 
#2m+l through subcarrier #3in, a third group G3 composed 
of subcarrier #m+l through subcarrier #2m, and a fourth 
group G4 composed of subcarrier #1 through subcarrier 
5 #m, and code division multiplexed signals are arranged 
distributed among subcarrier groups on a group-by-group 
basis . 

In normal (non-retransmission) transmission, as 
shown in FIG. 21 signal $1 is arranged distributed among 

10 the subcarriers of first group Gl, signal $2 is arranged 
distributed among the subcarriers of second group G2, 
signal $3 is arranged distributed among the subcarriers 
of third group G3, and signal $4 is arranged distributed 
among the subcarriers of fourth group G4 . 

15 On the other hand, in a first retransmission, as 

shown in FIG. 22 signal $1 is arranged distributed among 
the subcarriers of first group Gl and in third group G3 
signal $1 is arranged distributed among the subcarriers 
in the same way as in first group Gl, signal $2 is assigned 

20 to second group G2, and signal $3 is assigned to fourth 
group G4 . Therefore, in a first retransmission, the 
number of subcarriers is doubled as compared with a normal 
transmission by having signal $1 assigned to the 
subcarriers of third group G3 . 

25 Inasecond retransmission, as shown in FIG. 23 signal 

$1 is arranged distributed among the subcarriers of first 
group Gl, and in second group G2, third group G3, and 
fourth group G4, also, signal $1 is arranged distributed 
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among the subcarriers in the same way as in first group 
Gl. Therefore, in a second retransmission, the number 
of subcarriers is doubled compared with a first 
retransmission by having signal $1 assigned to the 
5 subcarriers of second group G2 and the subcarriers of 
fourth group G4 . 

If the number of subcarriers to which a 
retransmission signal is assigned is increased as the 
number of retransmissions increases, a frequency 

10 diversity effect can be obtained, and error rate 

characteristics can be improved. Also, since the number 
of subcarriers to which a retransmission signal is 
assigned increases by an integral multiple of 2 each time 
as the number of retransmissions increases, in clock 

15 frequency division the frequency can be halved each time, 
simplifying clock generation, and data need only be added 
two at a time when receiving, simplifying received signal 
synthesis . 

Thus, according to Embodiment 6, an S/P conversion 
20 section generates a retransmission signal based on 
retransmission information received from a control 
section, a P/S conversion section performs rearrangement 
of a transmit signal containing the generated 
retransmission signal, and the transmit signal undergoes 
25 orthogonal frequency division multiplexing by an IFFT 
section, so that the number of subcarriers to which a 
retransmission signal is assigned increases as the number 
of retransmissions increases, and it is possible to 
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prevent an increase in transmission delay due to an 
excessive increase in the number of retransmissions. 

(Embodiment 7) 

5 FIG. 24 is a drawing showing the configuration of 

a transmitting apparatus 2400 according to Embodiment 
7 of the present invention. A feature of this embodiment 
is that systematic bit data and parity bit data are assigned 
to subcarriers separately. In this embodiment, the 

10 configuration in FIG. 24 differs from that in FIG. 16 in 
including a turbo coding section 2401 and a 
parallel/serial (hereinafter referred to as ^^P/S") 
conversion section 2402. Parts in FIG. 24 identical to 
those in FIG. 16 are assigned the same codes as in FIG. 16, 

15 and descriptions thereof are omitted. 

When turbo code is used as an error correction code, 
systematic bit data and parity bit data are output, and 
better quality is required for systematic bit data. 
Therefore, by making the number of subcarriers to which 

20 systematic bit data is assigned greater than the number 
of subcarriers to which parity bit data is assigned, it 
is possible to further achieve compatibility between 
transmission efficiency and the error rate. 

Control section 1601 temporarily stores transmit 

25 signals, and separates transmit signals into 

retransmission information and normal information other 
than retransmission information. Then, when 
transmission timing is reached, control section 1601 
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outputs a transmit signal to spreading section 1602, and 
also outputs retransmission information to S/P conversion 
section 1603 and P/S conversion section 1604. 
Retransmission information comprises only signal type 
5 information in the case of a normal transmission, but 
comprises signal type information, count information, 
and request information in the case of a retransmission. 
Control section 1601 also controls the transmission 
timing at which systematic bit data and parity bit data 
10 are output, and outputs information as to whether a 

transmit signal is systematic bit data or parity bit data 
to S/P conversion section 1603 and P/S conversion section 
1604 . 

Turbo coding section 2401, which is a coding section, 
15 outputs part of a transmit signal input from control 
section 1601 uncoded to P/S conversion section 2402 as 
systematic bit data, and also performs recursive 
convolut ional coding on the remaining part of the input 
transmit signal and outputs this part to P/S conversion 
20 section 2402 as parity bit data. 

P/S conversion section 2402 converts systematic bit 
data and parity bit data input from turbo coding section 
2401 from parallel data format to serial data format, 
and outputs these data to spreading section 1602. 
25 Systematic bit data and parity bit data are allocated 
to different symbols - 

The operation of transmitting apparatus 2400 will 
now be described using FIG. 18 through FIG. 20 and FIG. 25. 



42 



FIG. 25 is a flowchart showing the operation of 
transmitting apparatus 2400. 

First, control section 1601 determines whether or 
not a transmit signal is parity bit data (ST2501) and 
5 also determines whether or not this is a retransmission 
(ST2502) , and in the case of a retransmission determines 
whether or not this is the first retransmission (ST2504) . 
Control section 1601 then outputs information as to 
whether the transmit signal is systematic bit data or 

10 parity bit data (hereinafter referred to as ^^bit 
information"), and retransmission information 
comprising signal type information, count information, 
and request information, to S/P conversion section 1603 
and P/S conversion section 1604. 

15 If the transmit data is parity bit data, a transmit 

signal that has undergone spreading processing by 
spreading section 1602 is converted from serial data 
format par ity bit data sequence $ 1 , $2, $3, $ 4 " t o pa r al le 1 
data format by S/P conversion section 1603, and stored 

20 temporarily in memory 1801, as shown in FIG- 18. 

As the transmit signals output from S/P conversion 
section 1603 are in a normal transmission, they are riot 
rearranged by P/S conversion section 1604, and are 
arranged in memory 1802 in parity bit data signal $1, 

25 $2, $3, $4 order from the top of FIG. 18, then read 

sequentially from the top of FIG. 18, and converted to 
serial data format. The transmit signal output from P/S 
conversion section 1604 is arranged as serial data format 
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parity bit data sequence "'$1, $2, $3, $4" (ST2503) . 

On the other hand, if the transmit data is systematic 
bit data and the transmission is a normal transmission 
(not a retransmission) , a transmit signal that has 
5 undergone spreading processing by spreading section 1602 
is converted from serial data format systematic bit data 
sequence ""$1, $2, $3, $4" to parallel data format by S/P 
conversion section 1603, and stored temporarily in memory 
1801, as shown in FIG. 18. 

10 As the transmit signals output from S/P conversion 

section 1603 are' in a normal transmission, they are not 
rearranged by P/S conversion section 1604, and are 
arranged in memory 1802 in systematic bit data signal 
$1, $2, $3, $4 order from the top of FIG. 18, then read 

15 sequentially from the top of FIG. 18, and converted to 
serial data format. The transmit signal output from P/S 
conversion section 1604 is arranged as serial data format 
systematic bit data sequence ""$1, $2, $3, $4'' (ST2503) . 

If the transmit data is systematic bit data and the 

20 transmission is a first retransmission, a transmit signal 
that has undergone spreading processing by spreading 
section 1602 is converted from serial data format parity 
bit data sequence ''$1, $2, $3, $4'' to parallel data format 
by S/P conversion section 1603, and stored temporarily 

25 in memory 1801, as shown in FIG. 19. Then, since, 

according to signal type information, count information, 
request information, and bit information input from 
control section 1601, retransmission has been requested 
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for systematic bit data signal $1, systematic bit data 
signal $1 is read twice from memory 1801 and systematic 
bit data signals $2 and $3 are read once each, and these 
signals are output to P/S conversion section 1604. 
5 As shown in FIG. 19, the transmit signals output from 

S/P conversion section 1603 are arranged in memory 1802 
of P/S conversion section 1604 in systematic bit data 
signal $1, $2, $1, $3 order from the top of FIG. 19, then 
read sequentially from the top of FIG. 19, and converted 
10 to serial data format. The transmit signal output from 
P/S conversion section 1604 is arranged as serial data 
format systematic bit data sequence ^^$1, $2, $1, $3" 
(ST2506) . 

If the transmit data is systematic bit data and the 
15 transmission is a second retransmission, a transmit 
signal that has undergone spreading processing by 
spreading section 1602 is converted from serial data 
format parity bit data sequence $1 , $2, $3, $ 4 " t o pa ral le 1 
data format by S/P conversion section 1603, and stored 
20 temporarily in memory 1801, as shown in FIG. 20, Then, 
since, according to signal type information, count 
information, request information, and bit information 
input from control section 1601, this is a second 
retransmission and retransmission has been requested for 
25 systematic bit data signal $1, systematic bit data signal 
$1 only is read four times from memory 1801 and output 
to P/S conversion section 1604. 

As shown in FIG. 20, the transmit signals output from 
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S/P conversion section 1603 are arranged in memory 1802 
of P/S conversion section 1604 as systematic bit data 
signals $1, $1, $1, $1 from the top of FIG. 20, then read 
sequentially from the top of FIG. 20, and converted to 
5 serial data format. The transmit signal output from P/S 
conversion section 1604 is arranged as serial data format 
systematic bit data sequence ''$1, $1, $1, $1" (ST2505) . 

The transmit signal then undergoes orthogonal 
frequency division multiplexing processing such as IFFT 

10 processing by IFFT section 1605, and an OFDM-CDMA signal 
is obtained (ST2507) . 

The allocation of signals to subcarriers in an 
OF DM -CDMA signal obtained in this way will now be described 
using FIG. 21 through FIG. 23. 

15 When a transmit signal is parity bit data, or when 

a transmit signal is systematic bit data and transmission 
is normal (non-retransmission) transmission, as shown 
in FIG. 21 signal $1 is arranged distributed among the 
subcarriers of first group Gl, signal $2 is arranged 

20 distributed among the subcarriers of second group G2, 
signal $3 is arranged distributed among the subcarriers 
of third group G3, and signal $4 is arranged distributed 
among the subcarriers of fourth group G4 . 

When transmit data is systematic bit data and the 

2 5 transmission is a first retransmission, as shown in FIG . 22 
signal $1 is arranged distributed among the subcarriers 
of first group Gl and inthirdgroupG3 signal $1 is arranged 
distributed among the subcarriers in the same way as in 
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first group Gl, signal $2 is assigned to second group 
G2, and signal $3 is assigned to fourth group G4 . 
Therefore, in a first retransmission, the number of 
subcarriers is doubled compared with a normal 
5 transmission by having signal $1 assigned to the 
subcarriers of third group G3 . 

When transmit data is systematic bit data and the 
transmission is a second retransmission, as shown in 
FIG. 23 signal $1 is arranged distributed among the 

10 subcarriers of first group Gl, and in second group G2 , 
third group G3, and fourth group G4, also, signal $1 is 
arranged distributed among the subcarriers in the same 
way as in first group Gl . Therefore, in a second 
retransmission, the number of subcarriers is doubled 

15 compared with a first retransmission by having signal 
$1 assigned to the subcarriers of second group G2 and 
the subcarriers of fourth group G4 . 

Thus, according to Embodiment 7, in addition to 
provision of the effects of Embodiment 6 described above, 

20 turbo coding of transmit data is performed by a turbo 
coding section that enables much better error rate 
characteristics to be obtained that with other error 
cor rection methods , enabling error rate characteristics 
to be significantly improved. 

25 In this embodiment, the number of subcarriers to 

which parity bit data is assigned does not change, but 
this is not a limitation, and the number of subcarriers 
to which parity bit data is assigned may be increased 
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in accordance with the number of retransmissions. Also, 
in this embodiment, in the case of a retransmission, the 
number of subcarriers to which systematic bit data is 
assigned and the number of subcarriers to which parity 
5 bit data is assigned are different, but this is not a 
limitation, and the number of subcarriers to which 
systematic bit data is assigned and the number of 
subcarriers to which parity bit data is assigned may be 
increased by the same number in accordance with the number 
10 of retransmissions. 

(Embodiment 8) 

FIG. 26 is a block diagram showing the configuration 
of a transmitting apparatus 2600 according to Embodiment 

15 8 of the present invention. A feature of this embodiment 
is that a retransmission signal is assigned to subcarriers 
in accordance with channel quality information. Parts 
in FIG. 26 identical to those in FIG. 16 are assigned the 
same codes as in FIG. 16, and descriptions thereof are 

20 omitted. 

Control section 1601 temporarily stores transmit 
signals modulated by a modulation section (not shown) , 
and separates transmit signals into retransmission 
information and normal information other than 
25 retransmission information. Then, when transmission 
timing is reached, control section 1601 outputs a transmit 
signal to spreading section 1602, and also outputs 
retransmission information to S/P conversion section 1603 



48 

and P/S conversion section 1604. Control section 1601 
also finds channel quality such as an SIR (signal to 
interference ratio) from a received signal^ and outputs 
the found channel quality to S/P conversion section 1603 
5 and P/S conversion section 1604 as channel quality 

information- The method of finding channel quality from 
a received signal can be employed in the case of a TDD 
(Time Division Duplex) communication method. Channel 
quality information may also be detected and transmitted 
10 by a communicating party. In this case, signal to 

interference ratio channel quality information such as 
an SIR measurement result measured by the communicating 
party can simply be transmitted by the communicating 
party . 

15 When retransmission information input from control 

section 1601 indicates a normal transmission, not a 
retransmission, S/P conversion section 1603 converts the 
transmit signal input from spreading section 1602 
directly from serial data format to parallel data format, 

2 0 and outputs the resulting signal to P/S conversion section 
1604 . On the other hand, when retransmission information 
input from control section 1601 indicates a 
retransmission, S/P conversion section 1603 generates 
a number of data to be retransmitted included in 

25 retransmission information in accordance with the number 
of retransmissions, converts the generated data from 
serial data format to parallel data format, and outputs 
the converted data to P/S conversion section 1604. At 
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this time, if it is determined from the channel quality 
information input from control section 1601 that channel 
quality is extremely poor, S/P conversion section 1603 
generates the number of retransmission signals generated 
5 in the case of a second retransmission even if the 
transmission is a first retransmission. 

In a first transmission, P/S conversion section 1604 
converts a transmit signal input from S/P conversion 
section 1603 from parallel data format to serial data 

10 format, and outputs this signal to IFFT section 1605. 
In a retransmission, P/S conversion section 1604 performs 
rearrangement of a transmit signal including 
retransmission data generated by S/P conversion section 
1603 according to retransmission information input from 

15 control section 1601, and outputs the rearranged transmit 
signal to IFFT section 1605. 

A turbo coding section 2601 outputs part of a 
transmit signal input from control section 1601 uncoded 
to a P/S conversion section 2602 as systematic bit data, 

20 and also performs recursive convolut ional coding on the 
remaining part of the input transmit signal and outputs 
this part to P/S conversion section 2602 as parity bit 
data . 

P/S conversion section 2602 converts systematic bit 
25 data and parity bit data input from turbo coding section 
2601 from parallel data format to serial data format, 
and outputs these data to spreading section 1602. 
Systematic bit data and parity bit data are allocated 
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to different symbols. 

The operation of transmitting apparatus 2600 will 
now be described using FIG. 18 through FIG. 20 and FIG. 27. 
FIG. 27 is a flowchart showing the operation of 
5 transmitting apparatus 2600. 

First, control section 1601 determines whether or 
not a transmit signal is a retransmission signal (ST2701) , 
and in the case of a retransmission determines whether 
or not this is the first retransmission (ST2702) . Control 

10 section 1601 also determines whether or not channel 

quality is good based on the channel quality found from 
the received signal. Any channel quality determination 
method can be used, such as determining whether or not 
the channel quality is greater than or equal to a threshold 

15 value. Control section 1601 then outputs retransmission 
information comprising signal type information, count 
information, and request information, and also channel 
quality information, to S/P conversion section 1603 and 
P/S conversion section 1604. 

20 In the case of normal (non-retransmission) 

transmission, a transmit signal that has undergone 
spreading processing by spreading section 1602 is 
converted from serial data format systematic bit data 
sequence ^'$1, $2, $3, $4" to parallel data format by S/P 

25 conversion section 1603, and stored temporarily inmemory 
1801, as shown in FIG. 18. 

As the transmit signals output from S/P conversion 
section 1603 are in a normal transmission, they are not 
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rearranged by P/S conversion section 1604, and are 
arranged in memory 1802 in parity bit data signal $1/ 
$2, $3, $4 order from the top of FIG. 18, then read 
sequentially from the top of FIG. 18, and converted to 
5 serial data format. The transmit signal output from P/S 
conversion section 1604 is arranged as serial data format 
data sequence ^^$1, $2, $3, $4" (ST2703). 

If the transmission is a first retransmission and 
channel quality is good, a transmit signal that has 

10 undergone spreading processing by spreading section 1602 
is converted from serial data format systematic bit data 
sequence $ 1 , $2, $3, $4" to parallel data format by S/P 
conversion section 1603, and stored temporarily inmemory 
1801, as shown in FIG. 19. Then, since, according to 

15 signal type information, count information, request 

information, and channel quality information input from 
control section 1601, this is a first retransmission, 
retransmission has been requested for signal $1, and 
channel quality is good according to the result of 

20 determination of whether or not channel quality is good 
by control section 1601 {ST2705) , signal $1 is read twice 
from memory 1801 and signals $2 and $3 are read once each, 
and these signals are output to P/S conversion section 
1604 . 

25 As shown in FIG. 19, the transmit signals output from 

S/P conversion section 1603 are arranged in memory 1802 
of P/S conversion section 1604 in signal $1, $2, $1, $3 
order from the top of FIG. 19, then read sequentially from 
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the top of FIG. 19, and converted to serial data format. 
The transmit signal output from P/S conversion section 
1604 is arranged as serial data format data sequence ^^$1, 
$2, $1, $3'' (ST2706) . 
5 On the other hand, if channel quality is poor even 

though the transmission is a first retransmission, a 
transmit signal that has undergone spreading processing 
by spreading section 1602 is converted from serial data 
format systematic bit data sequence ^'$1, $2, $3, $4'' to 

10 parallel data format by S/P conversion section 1603, and 
stored temporarily in memory 1801, as shown in FIG. 20. 
Then, since, according to signal type information, count 
information, request information, and channel quality 
information input from control section 1601, this is a 

15 first retransmission, retransmission has been requested 
for signal $1, and channel quality is poor, signal $1 
only is read four times from memory 1801 and output to 
P/S conversion section 1604. 

As shown in FIG. 20, the transmit signals output from 

20 S/P conversion section 1603 are arranged in memory 1802 
of P/S conversion section 1604 in signal $1, $1, $1, $1 
order from the top of FIG. 20, then read sequentially from 
the top of FIG. 20, and converted to serial data format. 
The transmit signal output from P/S conversion section 

25 1604 is arranged as serial data format data sequence ^^$1, 
$1, $1, $1" (ST2704) . 

In the case of a second retransmission, a transmit 
signal that has undergone spreading processing by 
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spreading section 1602 is converted from serial data 
format systematic bit data sequence ^^$1, $2, $3, $4" to 
parallel data format by S/P conversion section 1603, and 
stored temporarily in memory 1801, as shown in FIG. 20. 
5 Then, since, according to signal type information, count 
information, and request information input from control 
section 1601, this is a second retransmission and 
retransmission has been requested for signal $1, signal 
$1 only is read four times from memory 1801 and output 

10 to P/S conversion section 1604. 

As shown in FIG. 20, the transmit signals output from 
S/P conversion section 1603 are arranged in memory 1802 
of P/S conversion section 1604 in signal $1, $1, $1, $1 
order from the top of FIG. 20, then read sequentially from 

15 the top of FIG. 20, and converted to serial data format. 
The transmit signal output from P/S conversion section 
1604 is arranged as serial data format systematic bit 
data sequence ^^$1, $1, $1, $1" (ST2704). 

The transmit signal then undergoes orthogonal 

20 frequency division multiplexing processing such as IFFT 
processing by IFFT section 1605, and an OFDM-CDMA signal 
is obtained (ST2707). 

The allocation of signals to subcarriers in an 
OFDM- CDMA signal obtained in this way will nowbe described 

25 using FIG. 21 through FIG. 23. 

In normal transmission in which a transmit signal 
is not a retransmission signal, as shown in FIG. 21 signal 
$1 is arranged distributed among the subcarriers of first 
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group Gl, signal $2 is arranged distributed among the 
subcarriers of second group G2 , signal $3 is arranged 
distributed among the subcarriers of third group G3, and 
signal $4 is arranged distributed among the subcarriers 
5 of fourth group G4 . 

When the transmission is a first retransmission and 
channel quality is good^ as shown in FIG. 22 signal $1 
is arranged distributed among the subcarriers of first 
group Gl and in third group G3 signal $1 is arranged 

10 distributed among the subcarriers in the same way as in 
first group Gl, signal $2 is assigned to second group 
G2, and signal $3 is assigned to fourth group G4 . 
Therefore, in a first retransmission, the number of 
subcarriers is doubled compared with a normal 

15 transmission by having signal $1 assigned to the 
subcarriers of third group G3 . 

When the transmission is a second retransmission 
or a first retransmission and channel quality is poor, 
as shown in FIG . 23 signal $1 is arranged distributed among 

20 the subcarriers of first group Gl, and in second group 
G2, third group G3, and fourth group G4, also, signal 
$1 is arranged distributed among the subcarriers in the 
same way as in first group Gl . Therefore, in a second 
retransmission, the number of subcarriers is doubled 

25 compared with a normal transmission by having signal $1 
assigned to the subcarriers of second group G2 and the 
subcarriers of fourth group G4 . 

Thus, according to Embodiment 8, in addition to 
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provision of the effects of Embodiment 6 described above, 
an S/P conversion section and P/S conversion section 
arrange a retransmission signal so as to be assigned to 
subcarriers with channel quality also taken into 
5 consideration, enabling error rate characteristics to 
be improved dependably when channel quality is poor. 

(Embodiment 9) 

FIG-28 is a drawing showing the configuration of 

10 a transmitting apparatus 2800 according to Embodiment 
9 of the present invention. A feature of this embodiment 
is that the number of subcarriers to which a retransmission 
signal is assigned is varied also taking the transmission 
time interval into consideration. In this embodiment, 

15 the configuration in FIG. 28 differs from that in FIG. 16 
in including a counter section 2801, a delay section 2802, 
a subtraction section 2803, and a size comparison section 
2804. Parts in FIG. 28 identical to those in FIG. 16 are 
assigned the same codes as in FIG. 16, and descriptions 

20 thereof are omitted. 

When CSMA (Carrier Sense Multiple Access) is used 
as an access method, as in IEEE802 .il, if a channel is 
congested the time interval between the previous 
transmission and the present transmission may be very 

25 long. In such cases, transmis s ion delay may be extremely 
long if there is an error in a second or third 
retransmission. An effective method of preventing this 
problem is to vary the number of subcarriers to which 
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a retransmission signal is assigned taking the 
transmission time interval between the previous 
transmission and the present transmission into 
consideration. In CSMA, a terminal performs carrier 
5 sensing and transmits if the reception level is less than 
or equal to a threshold value. 

Counter section 2801 generates information 
indicating transmission timing based on transmission 
timing input from control section 1601, and outputs this 

10 generated information to delay section 2802 and 
subtraction section 2803. 

Delay section 2802 delays the information 
indicating transmission timing input from counter section 
2801, and outputs this information to subtraction section 

15 2803. 

From the information indicating transmission timing 
input from counter section 2801 and the transmission 
timing input from delay section 2802, subtraction section 
2803 calculates the difference between the transmission 

20 timing of the previous transmission and the transmission 
timing of the present transmission, and outputs the 
calculated transmission timing difference to size 
comparison section 2804 as a transmission time interval. 
Size comparison section 2804 compares the 

2 5 transmis s ion time interval input from subtraction section 
2803 with a threshold value, and outputs transmission 
time interval information as to whether or not the 
transmission time interval is greater than or equal to 
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the threshold value to S/P conversion section 1603 and 
P/S conversion section 1604. 

When the transmission is a normal transmission 
according to retransmission information input from 
5 control section 1601, S/P conversion section 1603 

converts a transmit signal input from spreading section 
1602 directly from serial data format to parallel data 
format, and outputs the resulting signal to P/S conversion 
section 1604. On the other hand, when retransmission 

10 information input from control section 1601 indicates 
a retransmission, S/P conversion section 1603 generates 
a number of data to be retransmitted included in 
retransmission information in accordance with the number 
of retransmissions , converts the generated data from 

15 serial data format to parallel data format, and outputs 
the converted data to P/S conversion section 1604. At 
this time, if the length of the transmission time interval 
is greater than or equal to the threshold value according 
to the transmission time interval information input from 

20 size comparison section 2804, S/P conversion section 1603 
generates retransmission signals equivalent to the number 
of subcarriers used for retransmission signal assignment 
in the case of a second retransmission even if the 
transmission is a first retransmission. 

25 In a first transmission, P/S conversion section 1604 

converts a transmit signal input from S/P conversion 
section 1603 from parallel data format to serial data 
format, and outputs this signal to IFFT section 1605. 
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In a retransmission, P/S conversion section 1604 performs 
rearrangement of a transmit signal including 
retransmission data generated by S/P conversion section 
1603 according to retransmission information input from 
5 control section 1601, and outputs the rearranged transmit 
signal to IFFT section 1605. 

The operation of transmitting apparatus 2800 will 
now be described using FIG. 18 through FIG. 20 and FIG. 29. 
FIG. 29 is a flowchart showing the operation of 

10 transmitting apparatus 2800. 

First, control section 1601 determines whether or 
not a transmit signal is a retransmission signal (ST2901) , 
and if the transmit signal is a retransmission signal, 
determines whether or not this is the first retransmission 

15 (ST2902). Also, subtraction section 2803 outputs the 
calculated transmission time interval to S/P conversion 
section 1603 and P/S conversion section 1604. 

In the case of a normal transmission — that is, a 
transmission that is not a retransmission — a transmit 

20 signal that has undergone spreading processing by 

spreading section 1602 is converted from serial data 
format systematic bit data sequence ^^$1, $2, $3, $4" to 
parallel data format by S/P conversion section 1603, and 
stored temporarily in memory 1801, as shown in FIG. 18. 

25 As the transmit signals output from S/P conversion 

section 1603 are in a normal transmission, they are not 
rearranged by P/S conversion section 1604, and are 
arranged in memory 1802 in signal $1, $2, $3, $4 order 
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from the top of FIG. 18, then read sequentially from the 
top of FIG. 18, and converted to serial data format. The 
transmit signal output from P/S conversion section 1604 
is arranged as serial data format data sequence ^^$1/ $2, 
5 $3, $4" (ST2903) . 

In the case of a first retransmission, if the 
transmission time interval input from size comparison 
section 2804 is less than a threshold value, a transmit 
signal that has undergone spreading processing by 

10 spreading section 1602 is converted from serial data 
format systematic bit data sequence ^^$1, $2, $3, $4" to 
parallel data format by S/P conversion section 1603, and 
stored temporarily in memory 1801, as shown in FIG. 18. 
Then, since, based on signal type information, count 

15 information, request information, and transmission time 
interval information input from control section 1601, 
this is a first retransmission according to the result 
of determination of whether or not this is a first 
retransmission by control section 1601 (ST2902), 

20 retransmission has been requested for signal $1, and the 
transmission time interval is less than the threshold 
value according to the result of determination of whether 
or not the transmission time interval is greater than 
or equal to the threshold value by size comparison section 

25 2804 (ST2905), signal $1 is read twice from memory 1801 
and signals $2 and $3 are read once each, and these signals 
are output to P/S conversion section 1604. 

As shown in FIG. 19, the transmit signals output from 
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S/P conversion section 1603 are arranged in memory 1802 
of P/S conversion section 1604 in signal $1, $2, $1, $3 
order from the top of FIG. 19, then read sequentially from 
the top of FIG. 19, and converted to serial data format. 
5 The transmit signal output from P/S conversion section 
1604 is arranged as serial data format data sequence ^^$1, 
$2, $1, $3" (ST2906) . 

On the other hand, if the transmission is a first 
retransmission and the transmission time interval input 

10 from size comparison section 2804 is greater than or equal 
to the threshold value, a transmit signal that has 
undergone spreading processing by spreading section 1602 
is converted from serial data format systematic bit data 
sequence ^'$1, $2, $3, $4'' to parallel data format by S/P 

15 conversion section 1603, and stored temporarily in memory 
1801, as shown in FIG. 20. Then, since, according to 
signal type information, count information, request 
information, and transmission time interval information 
input from control section 1601, this is a first 

20 retransmission, retransmission has been requested for 
signal $1, and the transmission time interval is greater 
than or equal to the threshold value, signal $1 only is 
read four times from memory 1801 and output to P/S 
conversion section 1604. 

25 As shown in FIG. 20, the transmit signals output from 

S/P conversion section 1603 are arranged in memory 1802 
of P/S conversion section 1604 in signal $1, $1, $1, $1 
order from the top of FIG. 20, then read sequentially from 
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the top of FIG. 20, and converted to serial data format. 
The transmit signal output from P/S conversion section 
1604 is arranged as serial data format data sequence ^'$1/ 
$1, $1, $1" (ST2904) . 
5 In the case of a second retransmission, a transmit 

signal that has undergone spreading processing by 
spreading section 1602 is converted from serial data 
format systematic bit data sequence ^'$1, $2, $3, $4'' to 
parallel data format by S/P conversion section 1603, and 

10 stored temporarily in memory 1801, as shown in FIG. 20. 
Then, since, according to signal type information, count 
information, and request information input from control 
section 1601, retransmission has been requested for 
signal $1, signal $1 only is read four times from memory 

15 1801 and output to P/S conversion section 1604. 

As shown in FIG. 20, the transmit signals output from 
S/P conversion section 1603 are arranged in memory 1802 
of P/S conversion section 1604 in signal $1, $1, $1, $1 
order from the top of FIG. 20, then read sequentially from 

20 the top of FIG. 20, and converted to serial data format. 
The transmit signal output from P/S conversion section 
1604 is arranged as serial data format systematic bit 
data sequence ^^$1, $1, $1, $1'' (ST2904 ). 

The transmit signal then undergoes orthogonal 

25 frequency division multiplexing processing such as IFFT 
processing by IFFT section 1605, and an OFDM-CDMA signal 
is obtained (ST2907) . 

The allocation of signals to subcarriers in an 
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OFDM- CDMA signal obtained in this way will now be described 
using FIG. 21 through FIG. 23. 

In normal transmission in which a transmit signal 
is not a retransmission signal/ as shown in FIG. 21 signal 
5 $1 is arranged distributed among the subcarriers of first 
group Gl, signal $2 is arranged distributed among the 
subcarriers of second group G2 , signal $3 is arranged 
distributed among the subcarriers of third group G3, and 
signal $4 is arranged distributed among the subcarriers 

10 of fourth group G4 . 

When the transmission is a first retransmission and 
the transmission time interval is less than the threshold 
value , as shown in FIG. 22 signal $1 is arrangeddistributed 
among the subcarriers of first group Gl and in third group 

15 G3signal$lis arranged distributed among the subcarriers 
in the same way as in first group Gl, signal $2 is assigned 
to second group G2, and signal $3 is assigned to fourth 
group G4 . Therefore, in a first retransmission, the 
number of subcarriers is doubled compared with a normal 

20 transmission by having signal $1 assigned to the 
subcarriers of third group G3 . 

When the transmission is a second retransmission 
or a first retransmission and channel quality is poor, 
as shown in FIG. 23 signal $1 is arranged distributed among 

25 the subcarriers of first group Gl, and in second group 
G2, third group G3, and fourth group G4, also, signal 
$1 is arranged distributed among the subcarriers in the 
same way as in first group Gl . Therefore, in a second 



63 



retransmission, the number of subcarriers is doubled 
compared with a normal transmission by having signal $1 
assigned to the subcarriers of second group G2 and the 
subcarriers of fourth group G4 . 
5 Thus, according to Embodiment 9, in addition to 

provision of the effects of Embodiment 6 described above, 
an S/P conversion section and P/S conversion section 
arrange a retransmission signal so as to be assigned to 
subcarriers with the transmission time interval also 
10 taken into consideration, making it possible to prevent 
transmission delay from becoming extremely long due to 
numerous retransmissions when the transmission time 
interval is long. 

15 (Embodiment 10) 

FIG. 30 is a drawing showing the configuration of 
a transmitting apparatus 3000 according to Embodiment 
10 of the present invention, A feature of this embodiment 
is that the number of subcarriers to which a retransmission 

20 signal is assigned is varied also taking the used band 
usage situation into consideration. Parts in FIG. 30 
identical to those in FIG. 16 are assigned the same codes 
as in FIG. 16, and descriptions thereof are omitted. 
If information on the band usage situation is 

25 reported from the communicating party, or the band whose 
use is permitted is known as a usable bandwidth, control 
section 1601 can ascertain how much of a margin there 
is in the remaining band by finding the ratio of the used 
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band currently being usedtotheband whose use is permitted, 
and therefore outputs information on the ratio of the 
used band to the band whose use is permitted (hereinafter 
referred to as ''band information'') to S/P conversion 
5 section 1603 and P/S conversion section 1604. 

When retransmission information input from control 
section 1601 indicates a normal transmission, S/P 
conversion section 1603 converts a transmit signal input 
from spreading section 1602 directly from serial data 

10 format to parallel data format, and outputs the resulting 
signal to P/S conversion section 1604 . On the other hand, 
when retransmission information input from control 
section 1601 indicates a retransmission, S/P conversion 
section 1603 generates a number ofdatatobe retransmitted 

15 included in retransmission information in accordance with 
the number of retransmissions, converts the generated 
data from serial data format to parallel data format, 
and outputs the converted data to P/S conversion section 
1604. At this time, if there is a margin in the band 

20 according to the band information input from control 
section 1601, S/P conversion section 1603 generates 
retransmission signals equivalent to the number of 
subcarriers used for retransmission signal assignment 
in the case of a second retransmission even if the 

25 transmission is a first retransmission. 

In a first transmission, P/S conversion section 1604 
converts a transmit signal input from S/P conversion 
section 1603 from parallel data format to serial data 
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format, and outputs this signal to IFFT section 1605. 
In a retransmission, P/S conversion section 1604 performs 
rearrangement of a transmit signal including 
retransmission data generated by S/P conversion section 
5 1603 according to retransmission information input from 
control section 1601, and outputs the rearranged transmit 
signal to IFFT section 1605. 

The operation of transmitting apparatus 3000 will 
now be described using FIG. 18 through FIG. 20 and FIG. 31. 

10 FIG. 31 is a flowchart showing the operation of 
transmitting apparatus 3000. 

First, control section 1601 determines whether or 
not a transmit signal is a retransmission signal (ST3101) , 
and if the transmit signal is a retransmission signal, 

15 determines whether or not this is the first retransmission 
(ST3102) . Control section 1601 also determines the size 
of the ratio of the used band to the band whose use is 
permitted (ST3105), and outputs the result of this 
determination to S/P conversion section 1603 and P/S 

20 conversion section 1604 as band information. 

In the case of a normal transmission — that is, a 
transmission that is not a retransmission — a transmit 
signal that has undergone spreading processing by 
spreading section 1602 is converted from serial data 

25 format systematic bit data sequence "'$1, $2, $3, $4" to 
parallel data format by S/P conversion section 1603, and 
stored temporarily in memory 1801, as shown in FIG. 18. 

As the transmit signals output from S/P conversion 
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section 1603 are in a normal transmission, they are not 
rearranged by P/S conversion section 1604, and are 
arranged in memory 1802 in signal $1, $2, $3^ $4 order 
from the top of FIG. 18, then read sequentially from the 
5 top of FIG. 18, and converted to serial data format. The 
transmit signal output from P/S conversion section 1604 
is arranged as serial data format data sequence ^^$1, $2, 
$3, $4'' (ST3103) . 

When the transmission is a first retransmission and 

10 there is no margin in the band, a transmit signal that 
has undergone spreading processing by spreading section 
1602 is converted from serial data format systematic bit 
data sequence ^^$1, $2, $3, $4" to parallel data format 
by S/P conversion section 1603, and stored temporarily 

15 in memory 1801, as shown in FIG. 19. Then, since, based 
on signal type information, count information, request 
information, and band information input from control 
section 1601, this is a first retransmission, 
retransmission has been requested for signal $1, and there 

20 is no margin in the band, signal $1 is read twice from 
memory 1801 and signals $2 and $3 are read once each, 
and these signals are output to P/S conversion section 
1604 . 

As shown in FIG- 19, the transmit signals output from 
25 S/P conversion section 1603 are arranged in memory 1802 
of P/S conversion section 1604 in signal $1, $2, $1, $3 
order from the top of FIG. 19, then read sequentially from 
the top of FIG. 19, and converted to serial data format. 
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The transmit signal output from P/S conversion section 
1604 is arranged as serial data format data sequence '^$1, 
$2, $1, $3" (ST3106) . 

If the transmission is a first retransmission and 
5 there is margin in the band, a transmit signal that has 
undergone spreading processing by spreading section 1602 
is converted from serial data format systematic bit data 
sequence ''$1/ $2, $3, $4" to parallel data format by S/P 
conversion section 1603, and stored temporarily inmemory 

10 1801, as shown in FIG-20. Then, since, according to 
signal type information, count information, request 
information, and band information input from control 
section 1601, this is a first retransmission, 
retransmission has been requested for signal $1, and there 

15 is margin in the band, signal $1 only is read four times 
from memory 1801 and output to P/S conversion section 
1604 . 

As shown in FIG. 20, the transmit signals output from 
S/P conversion section 1603 are arranged in memory 1802 

20 of P/S conversion section 1604 in signal $1, $1, $1, $1 
order from the top of FIG. 20, then read sequentially from 
the top of FIG. 20, and converted to serial data format. 
The transmit signal output from P/S conversion section 
1604 is arranged as serial data format data sequence ^^$1, 

25 $1, $1, $1" (ST3104) . 

In the case of a second retransmission, a transmit 
signal that has undergone spreading processing by 
spreading section 1602 is converted from serial data 
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format systematic bit data sequence ''$1^ $2, $3, $4" to 
parallel data format by S/P conversion section 1603, and 
stored temporarily in memory 1801, as shown in FIG. 18. 
Then, since, according to signal type information, count 
5 information, and request information input from control 
section 1601, this is a second retransmission and 
retransmission has been requested for signal $1, signal 
$1 only is read four times from memory 1801 and output 
to P/S conversion section 1604. 

10 As shown in FIG. 20, the transmit signals output from 

S/P conversion section 1603 are arranged in memory 1802 
of P/S conversion section 1604 in signal $1, $1, $1, $1 
order from the top of FIG. 20, then read sequentially from 
the top of FIG. 20, and converted to serial data format. 

15 The transmit signal output from P/S conversion section 
1604 is arranged as serial data format systematic bit 
data sequence ^^$1, $1, $1, $1" (ST3104). 

The transmit signal then undergoes orthogonal 
frequency division multiplexing processing such as IFFT 

20 processing by IFFT section 1605, and an OFDM-CDMA signal 
is obtained (ST3107) . 

The allocation of signals to subcarriers in an 
OF DM- CDMA signal obtained in this way will now be described 
using FIG. 21 through FIG. 23. 

25 In normal transmission in which a transmit signal 

is not a retransmission signal, as shown in FIG. 21 signal 
$1 is arranged distributed among the subcarriers of first 
group Gl, signal $2 is arranged distributed among the 
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subcarriers of second group G2 , signal $3 is arranged 
distributed among the subcarriers of third group G3 , and 
signal $4 is arranged distributed among the subcarriers 
of fourth group G4 . 
5 When the transmission is a first retransmission and 

there is no margin in the band, as shown in FIG. 22 signal 
$1 is arranged distributed among the subcarriers of first 
group Gl and in third group G3 signal $1 is arranged 
distributed among the subcarriers in the same way as in 

10 first group Gl, signal $2 is assigned to second group 
G2, and signal $3 is assigned to fourth group G4 . 
Therefore, in a first retransmission, the number of 
subcarriers is doubled compared with a normal 
transmission by having signal $1 assigned to the 

15 subcarriers of third group G3. 

When the transmission is a second retransmission 
or a first retransmission and there is margin in the band, 
as shown in FIG. 23 signal $1 is arranged distributed among 
the subcarriers of first group Gl, and in second group 

20 G2, third group G3, and fourth group G4, also, signal 
$1 is arranged distributed among the subcarriers in the 
same way as in first group Gl . Therefore, in a second 
retransmission, the number of subcarriers is doubled 
compared with a normal transmission by having signal $1 

25 assigned to the subcarriers of second group G2 and the 
subcarriers of fourth group G4 . 

Thus, according to Embodiment 10, in addition to 
provision of the effects of Embodiment 6 described above. 
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an S/P conversion section and P/S conversion section 
arrange a retransmission signal so as to be assigned to 
subcarriers also taking into consideration whether or 
not there is margin in the band, making it possible to 
5 prevent transmission delay from becoming long without 
lowering transmission efficiency when there is margin 
in the band. 

(Embodiment 11) 

10 FIG. 32 is a drawing showing the configuration of 

a transmitting apparatus 3200 according to Embodiment 
11 of the present invention. A feature of this embodiment 
is that an upper limit is set for the number of 
retransmissions. In this embodiment, the configuration 

15 in FIG. 32 differs from that in FIG. 16 in including a turbo 
coding section 3201, a selection section 3203, and a size 
comparison section 3204. Parts in FIG. 32 identical to 
those in FIG. 16 are assigned the same codes as in FIG. 16, 
and descriptions thereof are omitted. 

20 Control section 1601, which is a retransmission 

count control section, temporarily stores transmit 
signals modulated by a modulation section (not shown), 
and separates transmit signals into retransmission 
information and normal information other than 

25 retransmission information. Then, when transmission 
timing is reached, control section 1601 outputs a transmit 
signal to spreading section 1602, and also outputs 
retransmission information to S/P conversion section 1603, 
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P/S conversion section 1604, and size comparison section 
3204. Control section 1601 also finds channel quality 
such as an SIR (signal to interference ratio) from a 
received signal, and outputs the found channel quality 
5 to S/P conversion section 1603 and P/S conversion section 
1604 as channel quality information. Control section 
1601 also outputs band information to selection section 
3203- In addition, when a signal that aborts 
retransmission (hereinafter referred to as ^^abort 

10 signal") is input from size comparison section 3204, 
control section 1601 halts retransmission signal output. 

Turbo coding section 3201 outputs part of a transmit 
signal input from control section 1601 uncoded to P/S 
conversion section 3202 as systematic bit data, and also 

15 performs recursive convolut ional coding on the remaining 
part of the input transmit signal and outputs this part 
to P/S conversion section 3202 as parity bit data. 

P/S conversion section 3202 converts systematic bit 
data and parity bit data input from turbo coding section 

20 3201 from parallel data format to serial data format, 
and outputs these data to spreading section 1602. 
Systematic bit data and parity bit data converted by P/S 
conversion section 3202 is made up of all systematic bits 
or parity bits on a symbol-by-symbol basis. 

25 Based on band information input from control section 

1601, selection section 3203 selects a threshold value 
a or threshold value (3 and outputs the selected threshold 
value to size comparison section 3204. That is to say. 
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if the ratio of the present used band to the band whose 
use is permitted is large, threshold value p (where 
threshold value a > threshold value P) is selected, and 
if the ratio of the present used band to the band whose 
5 use is permitted is small, threshold value a is selected. 
As the threshold value is selected in accordance with 
band information in this way, the upper limit of the number 
of retransmissions can be varied adaptively according 
to the band usage situation, and compatibility between 

10 overall system throughput and error rate characteristics 
can be achieved. 

Size comparison section 3204 compares the 
retransmission count based on count information input 
from control section 1601 with threshold value a or 

15 threshold value p input from selection section 3203, and 
if the retransmission count is greater than or equal to 
the threshold value, outputs an abort signal to control 
section 1601. On the other hand, if the retransmission 
count is less than the threshold value, nothing is output. 

20 Except for aborting retransmission, the operation of 
transmitting apparatus 3200 when the retransmission count 
reaches a predetermined number according to band 
information is identical to that shown in FIG. 27, and 
therefore a description thereof is omitted here. 

25 Thus, according to Embodiment 11, in addition to 

provision of the effects of Embodiment 6, Embodiment 7, 
and Embodiment 8 described above, a size comparison 
section aborts retransmission when the retransmission 
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count is greater than or equal to a threshold value, 
enabling overall system throughput to be increased. 

In this embodiment it is assumed that threshold 
values selected according to whether or not there is a 
5 margin in the band are of two kinds, threshold value a 
and threshold value but this is not a limitation/ and 
selection may be made from among three or more threshold 
values. Also, in this embodiment it is assumed that a 
transmit signal is turbo coded, but this is not a limitation, 

10 and a transmit signal may be coded by means of a coding 
method other than turbo coding. Furthermore, in this 
embodiment transmit signal rearrangement is performed 
also using channel quality information, but this is not 
a limitation, and transmit signals may be rearranged using 

15 only retransmission information. In addition, in this 
embodiment it is assumed that a selection section selects 
a threshold value in accordance with the ratio of the 
used band to the band whose use is permitted, but this 
is not a limitation, and any method may be employed, such 

20 as selecting a threshold value based simply on the size 
of the used band. 

In Embodiment 1 through Embodiment 5 above a case 
has been described in which the number of retransmissions 
is two, but the number of retransmissions is not limited 

25 to two, and the number of retransmissions can be made 
any number. 

Also, in Embodiment 1 through Embodiment 5 above 
it is assumed that three kinds of GI length are set, but 
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these embodiments are not limited to the case where three 
kinds of GI length are set, and it is possible to set 
GI lengths of any kind. 

Moreover, in Embodiment 1 through Embodiment 5 above 
5 it is assumed that the GI length is set to one-eighth, 
one-fourth, or three-eighths of the effective symbol 
length according to the number of retransmissions, but 
this is not a limitation, and it is possible to set any 
length as the GI length according to the number of 

10 retransmissions . 

Furthermore, in Embodiment 1 through Embodiment 5 
above it is assumed that all subcarriers are divided into 
four groups, but this is not a limitation, and it is 
possible to use any subcarrier arrangement, 

15 In addition, in Embodiment 6 through Embodiment 11 

above it is assumed that the number of subcarriers to 
which signals are assigned from a normal transmission 
to a second transmission is changed, but this is not a 
limitation, and the number of subcarriers to which 

2 0 retransmission signals are assigned may be increased from 
a normal transmission to a third transmission. 

In Embodiment 6 through Embodiment 11 above it is 
assumed that increasing the number of assigned 
subcarriers from a normal transmission to a second 

25 retransmission is carried out on a group-by-group basis, 
but this is not a limitation, and in the case of an OFDM 
signal, the number of assigned subcarriers may be 
increased from a normal transmission to a second 
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retransmission on a subcar rier-by-subcar rier basis, 
without grouping subcarriers. 

Also, in Embodiment 6 through Embodiment 11 above 
it is assumed that a retransmission signal is read a 
5 plurality of times from an S/P conversion section, and 
the number of subcarriers to which a retransmission signal 
is allocated is increased by performing transmit signal 
rearrangement by means of a P/S conversion section 1604, 
but this is not a limitation, and the number of subcarriers 

10 to which a retransmission signal is allocated may be 
increased when orthogonal frequency division 
multiplexing processing is performed by an IFFT section 
without performing rearrangement, or the number of 
subcarriers to which a retransmission signal is allocated 

15 may be increased by providing separately an IFFT section 
that performs orthogonal frequency division multiplexing 
processing of a retransmission signal and an IFFT section 
that performs orthogonal frequency division multiplexing 
processing of a normal signal. 

20 Moreover, in Embodiment 6 through Embodiment 11 

above it is assumed that subcarriers are divided into 
four groups, but this is not a limitation, and any number 
of groups can be used. 

Furthermore, in Embodiment 6 through Embodiment 11 

25 above it is assumed that retransmission signals are newly 
generated by an S/P conversion section, but this is not 
a limitation, and a transmit signal may be temporarily 
stored in memory and a retransmission signal read from 
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memory a number of times in accordance with the number 
of retransmissions . 

A transmitting apparatus described in Embodiment 
1 through Embodiment 11 above can be applied to a base 
5 station apparatus or a communication terminal apparatus . 
As described above, according to the present 
invention it is possible to prevent an increase in 
transmission delay due to an excessive increase in the 
number of retransmissions with almost no lowering of 
10 transmission efficiency. 

This application is based on Japanese Patent 
Application No . 2 0 02 - 33 3 4 4 8 filed on November 18, 2002, 
and Japanese Patent Application No . 2 0 0 2 - 3 5 5 0 7 9 filed on 
December 6, 2002, the entire content of which is expressly 
15 incorporated by reference herein. 



Industrial Applicabi li ty 

The present invention is suitable for use in a 
transmitting apparatus and transmitting method that use 
20 a multicarrier modulation method such as OFDM (Orthogonal 
Frequency Division Multiplexing) . 



